Abstract. Two years field experiments were conducted, during the seasons of 2005 and 2006, to study the effects of four irrigation intervals (2, 4, 6 and 8 days) and four nitrogen fertilizer rates (0, 100, 200 and 300kg N ha -1 ), and their interactions on the vegetative growth, yield and its components traits of eggplant (Black Beauty cv.). Each of the used irrigation intervals, nitrogen levels, and their interactions reflected significant differences among the mean values of all studied vegetative growth, yield and its components traits of eggplant, in both seasons. The results of the main effect of irrigation intervals reflected that applying irrigation water every two days gave the highest mean values of the most studied vegetative growth, yield and yield components traits, in the two seasons. Also, application nitrogen fertilizer at the rate of 300kg N ha -1 gave the highest mean values of the most studied vegetative growth, yield and its components traits, in the two seasons. The optimum interactive treatment was the combination between applications of irrigation every two days combined with application of nitrogen fertilizer at 300kg N ha -1 , in both seasons. Since, this combination treatment gave the highest mean values of all studied traits especially leaf area (46731.27cm
Introduction
Eggplant "aubergine" or "brinjal" (Solanum melongena L) is a native crop of the subtropical areas. It is a member of the Solanaceae family. Eggplants have been widely grown in southern Europe, the Middle East and Asia for 32 Zohair Mahmoud Mirdad hundreds of years (Ullio, 2003) . Eggplant fruits are low in calories and have mineral composition which is beneficial for human health. They are very rich in potassium, from 200 to 600 mg 100g -1 of fresh matter. The fruits are also a rich source of magnesium, calcium and iron (Lawande and Chavan, 1998, and Kowalski et al., 2003) .
Nitrogen is considered one of major nutrients required by plants for their growth, development and yield. Also, nitrogen is one of the major elements for plants growth and development that have an important role in plant nutrition and therefore, is one of the yield-limiting factors for plant growth in many areas, especially, in low organic soils. Nitrogenous fertilizers often have mobility in soils, and they can pollute soils and ground water. Therefore, management of N fertilizers such as rate, type, application time is very important (DePascale et al., 2006) .
The effects of N fertilizer on growth and yield components characters of eggplant were studied by many authors such as Jia and Gao (1999) ; Devi et al. (2002) ; Rosati et al. (2002) ; Anburani et al. (2003) ; Bobadi and Damme (2003) ; Satpal and Saimbhi (2003) ; Wange and Kale (2004); and Jilani et al. (2008) . They concluded that increasing N fertilizer rates increased several vegetative growth and yield components characteristics of eggplant, but using over doses of N fertilizer may reflect decreasing effect on these characters.
Water is fast becoming an economically scarce resource in many areas of the world, especially in arid and semi-arid regions. With improved water efficiencies, water is saved as less water is needed for the same level of crop production, and wasteful infiltration of applied water beyond the root zone is eliminated. So, supplying the required water to the plant is of prime importance for its growth and economic production (Chartgoulakis and Drosos, 1995) . Studies on the efficiency and amounts of irrigation water on some important characters of eggplant and some other vegetables were carried out by several investigators such as: Byari and Al-Rabghi (1995) ; Chartgoulakis and Drosos (1995) ; and Aujla et al. Also, the effects of both water and N fertilizer on different vegetable crops have been reported for tomato (Erdal et al., 2006) , potato (Darwish et al., 2006) , eggplant (Aujla et al., 2007) and melon (Cabello et al., Vegetative Growth Yield and Yield Components of Eggplant… 33 2009). So, elucidation of the effects of different quantities of nitrogen (N) and the applied irrigation water on vegetative growth and yield characters in eggplant is essential for formulating proper management practices for sustainable production.
The present investigation was undertaken to study the main influences of irrigation intervals, mineral N fertilizer levels, and their interactions on the characters of vegetative growth and yield components of eggplant.
Materials and Methods
Two field experiments were conducted at the Agricultural Research Experiment Station, King Abdulaziz University, Hada-Alsham, Saudi Arabia, during 2005 and 2006 seasons.
The experimental design was split-plot in a randomized complete blocks design, with three replications in both seasons. Each replicate consisted of sixteen (16) treatments, which represented all the combinations between four irrigation intervals (2, 4, 6 and 8 days), with the same total irrigation water amount in each interval considered as main plot treatments and the four urea nitrogen levels (0, 100, 200 and 300kg N ha ) randomized inside the sub-plots. Each experimental unit area was 24m 2 , including six rows, four meters long and one meter wide, and plant spacing of 0.50m.
Prior to the initiation of each experiment, soil and water samples were collected and analyzed according to the published methods of AlSolaimani et al. (2009) . Results of the analysis for experimental soil and water are given in Tables 1, 2 and 3. The drip irrigation system was used in this investigation. Since, the drip irrigation system consists of main 4 inch PVC buried line and the sub-main (75mm outer diameter) PVC buried line (75mm outer diameter) PVC buried line, the type of drips irrigation were rain bird with 7L/h and spacing of 0.5m apart between drippers.
Nitrogen fertilizer levels were applied at different rates of 100, 200 and 300kg N/ ha -1 as well as control treatment (0 kgN/ ha
). Eggplant is an initial slow-growing crop that takes up little N in its first 3-50 days of growth and over 80% of its total nitrogen accumulation during the final 40-50 days preceding harvest. Therefore, total amount of the assigned Nfertilizer was banded at three equal portions; 25, 40 and 65 days after transplanting. However, calcium super phosphate (15.50% P 2 O 5 ) at the rate of 200kg ha -1 was applied during the soil preparation while potassium sulphate (50% K 2 O) at the rate of 20kg ha -1 was applied at two equal portions; 40 and 60 days after transplanting. During the growing seasons, all other recommended agro managements were followed.
In each sub-plot, five guarded plants were randomly chosen to measure plant height, stem diameter, number of leaf plant All the collected data were statistically analyzed using Co-Stat Software (2004), computer program for statistics. Analysis of variance of all data collected was done for each season, then comparisons between the means of treatments were undertaken using Dancan's multiple range test at 0.05 level of probability as illustrated by El-Nakhlawy (2010).
Results and Discussion

Vegetative Growth Characters
Influence of Irrigation Intervals
In general, the differences among the mean values of all the studied growth characters as affected by the irrigation intervals were found to be significant, with only one exception in the leaf area trait, in the two seasons of 2005 and 2006 (Table 4 ). The highest mean values of the plant height, stem diameter, number of leaves plant -1 , leaf fresh weight and root fresh weight were obtained using drip irrigation water every two days, compared with the other irrigation intervals treatments, in both growing seasons. Whereas, the irrigation interval that gave the highest mean values of leaf dry weight, root length and root dry weight was every 4 days. These results illustrate generally that increasing irrigation (every two days) was associated with the corresponding increases in the mean values of such characters. Such results may be due to the water functions in plant growth; since, the irrigated water is a major constituent of physiologically active tissue and a solvent in which salts, sugars and other solutes move from cell to cell and organ to organ, and essential for the maintenance of the turgidity necessary for cell enlargement and growth, consequently dry matter and growth characters. On the other hand, applying irrigation water every six or eight days gave the lowest mean values of all the studied vegetative growth characters, in both growing seasons. Such results can be discussed on the basis that when the plants are exposed to a prolonged period of water deficit, vegetative growth characters are seriously decreased through decreasing their growing organs. These results are in agreement with those obtained by Tan (1988) , Byari and Al-Rabghi (1995) and Sensoy et al. (2007) .
Influence of Nitrogen Levels
Significant differences were found among the mean values of plant height, stem diameter, number of leaves plant -1 , leaves fresh weight, root length and root fresh weight as affected by application of different levels of nitrogen fertilizer, in both seasons (Table 5) . The results illustrated also that increasing the amount of N fertilizer level was associated with corresponding increases in the above mentioned characters. Application of nitrogen at the highest rate (300kg N ha . Whereas, application of the second level of nitrogen at the rate of 200kg N ha -1 to the eggplant plants gave the significant highest mean values for the two characters: leaves dry weight and root dry weight, compared with those of the control (0Kg N ha -1 ), in both seasons. The stimulation effects of applying nitrogen on vegetative growth characters of eggplant plants may be attributed to the well known functions of nitrogen in plant life. Being a part of protein, it is an important constituent of protoplasm. Also, enzymes, the biological catalytic agents which speed up life processes, have N involved in many organic compounds of plant system. A sufficient supply of various nitrogenous compounds is, therefore, required in each plant cell for its proper functioning (Mengel and Kirkby, 1987) .
Influence of the Interactions between Irrigation Interval and Nitrogen Fertilizer Rate
The effects of the interaction between the irrigation dates and nitrogen rates on the studied vegetative growth traits were found to be significant, in both seasons (Tables 6a & b) . Supplying the eggplant plants by irrigation every two days combined with the application of nitrogen fertilizer at the rate of 300kg N ha , leaves fresh weight, root length and root fresh weight, in both years. Means of the previous traits were 100.1, 2. 74, 129.51, 46731.26, 744.78, 31.31 and 24.83 in 2005 season, and in 2006 season were 93.33, 3.09, 264.6, 441809.94, 499.41, 33.68 and 159.28 for plant height, stem diameter, number of leaf/plant, leaf are/plant, leaf fresh weight, root length and root fresh weight, respectively.
These results illustrate generally that increasing the water amount used (every two days) combined with increasing the level of nitrogen fertilizer reflected the most favorable performances on the studied characters. The satisfactory influences of N application on eggplant yield might be attributed to the effect of nitrogen on plant growth as previously mentioned by Marschner (1986) , who stated that nitrogen increases root primordial, and there is close relationship between root primordial and leaf area duration, and also rapid leaf expansion which leads to increase in photosynthesis, and this in turn increases yield.
Concerning the leaves dry weight, the results indicate that treatment combination between irrigation at two days and application of nitrogen at 200kg N ha -1 gave the highest mean values, in the two years. As for the root dry weight, the obtained results show that the highest mean value was given by the treatment combination between irrigation each four days and application mineral nitrogen at the rate of 200kg N ha -1 , in the two growing seasons.
The effects of both water and nitrogen fertilizer on different horticultural crops have been reported in the literature frequently, for tomato (Erdal et al., 2006) , for potato (Darwish et al., 2006) and for eggplant (Aujla et al., 2007) ; since, they illustrated generally that there were different relationships between water supply and nitrogen levels on their studied vegetative growth characters of the different crops.
Yield Traits
Influence of Irrigation Intervals
The results in Table 7 show the main effects of irrigation dates and mineral nitrogen fertilizer levels on some yield and its component traits , and fruit length and diameter, in both seasons. These results suggest generally that the eggplant plants responded well by increasing water supply, since irrigation every two days gave the highest mean values of these traits. In this respect, Aujla et al. (2007) found that the highest yield of aubergine (eggplant) under drip irrigation system was obtained under 75% ET of the required water to irrigate eggplant plants.
On the other hand, using irrigation every 4, 6 and 8 days decreased significantly all the studied yield and yield components traits, in the two seasons. These results appear to be in the same line with the findings of many investigators such as: Byari and Al-Rabghi (1995) on eggplant, Ribas et al. (2001), and Fabeiro et al. (2002) on muskmelon, Kirnak et al. (2005) and Sensoy et al. (2007) on melon who found that water deficit produced smaller fruits and lower yield of their studied crops. In the same line, Cabello et al. (2009) found that under severe deficit irrigation, the yield was reduced by 22% mainly due to decrease fruits weight of melon.
Influence of Nitrogen Levels
Regarding the main effects of nitrogen levels on the yield and its component traits, the results given in Table 7 reflect generally that increasing the application of nitrogen to the grown plants, irrespective of the used amount up to 300 kg N ha , fruit length and diameter were given by application of nitrogen at the rate of 300kg N ha -1 , in the two growing seasons. These results illustrate generally that the eggplant plants responded well to fertilization by using high levels of nitrogen, and gave the most favorable performances for all studied characters. The previously mentioned results could be explained on the basis of the availability of nitrogen in the soil, which plays a major role on plant life resulting in more new tissues and organs (Marschner, 1986) . Jilani et al. (2008) found that nitrogen application at the rate of 100kg N ha -1 produced significantly maximum fruit length, fruit diameter, fruit weight and yield/ ha of eggplant. However, they found that increasing N fertilizer at the rate of 150kg N ha -1 decreased fruit diameter, fruit weight and fruits yield. Similar findings were also obtained by other researchers such as: Jia and Gao (1999) for yield, Devi et al. (2002) for fruit girth, fruit weight and fruit yield, Rosati et al. (2002) for yield, Bobadi and Damme (2003) for number of flowers/ plant, fruits number/ pant and yield, and Anburani et al., (2003) for yield. Since, they found generally that increasing nitrogen levels resulted in increasing in their studied characters of eggplant.
Results concerning the fruits yield plant , in the present study, are in general agreement with that reported by Aujla et al., (2007) , who revealed that fruits yield increased significantly with increasing nitrogen levels.
Influence of the Interaction between Irrigation Intervals and Nitrogen Level on Yield Traits
It is clear from the results in Table 8 that the interaction effects between irrigation dates and nitrogen levels, significantly affected all the yield and yield components characters of eggplant plants, in both years. The optimum interactive treatment was the combination between irrigation at two days and application of nitrogen fertilizer at the rate of 300kg N ha 115.63, 55.68, 16.30cm, 16.3cm , and 1.98kg for the previous traits respectively. These results suggest that determining different quantities of water through drip irrigation at different levels of N is essential to optimize combination to exploit the beneficial effects of drip irrigation for eggplant. In this concern, Aujla et al. (2007) reported that application of water combined with 120kg N ha -1 gave the highest fruits yield of aubergine. Similar trend was obtained by Cabello et al. (2009) , who found that the interaction between irrigation and nitrogen levels was significant for yield and fruit weight of melon.
